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SUMMARY

A range of polyurethane elastomers based on di-isocyanate
prepolymers of polyether, hydroxyl-terminated polybutadiene,
polyester adipate and caproiactone polyols have been
prepared and their ageing properties assessed under a wide
variety of laboratory simulated environmental conditions,
including exposure to dry air (80 - 100°C), ultraviolet
radiation; immersion in oil at 100°C, STF (65°C) and water
(50 - 100%C).
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SUMMARY

A range of polyurethane elastomers based on di-isocyanate
prepolymers of polyether, hydroxyl-terminated polybutadiene,
polyester adipate and caprolactone polyols have been
prepared and their ageing properties assessed under a wide
variety of laboratory simulated envzronmental conditions,
including exposure to dry air (80 = 100 °CY, ultraviolet
cadiation; immersion in oil at 100°C, STF (65°C) and water
(50 -~ 100°C).

Individual elastomers were capable of resisting many, but
usually not all of these conditions, although certain
urethane elastomers prepared from polyethers, average
molecular weight 1000 - 20CO, provided a reasonably accepe
table compromise of properties under most conditions.

Elastomers based on hydroxyl-terminated polyoutadiene/
modified 4,4'-diphenyl methane di-isocyanate prepolymers
possessed initial mechanical properties which were superior
to thoge prepared hitherto, whilst still retaining oute
standing resistance to hydrolysis.

Polyester based urethane elastomers showed good resistance
to dry air and fuels but their resistance to water at
temperatures above 50°C was poor. The addition of poly-
carbodiimides slightly improved the water resistance of
polyester urethanes, whilst ultraviolet absorbers in
conjunction with an antioxidant pair, based on a mixture of
butylated hydroxy propylene and dilauryl Lhnrdlpvonnonate,
appeared to enhance the photo-oxidative svata.ity of poly-
ester urethanes,
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Reference: WAC/213/018

1 INTRODUCTION

Previous investigations'™31'2 by the present authors have shown that the
ageing properties of polyurethane elastomers are strongly dependent on the
chemical structure of the elastomer. For example, the type of backbone
polyol, its molecular weight, the degree of crosslinking and the effective
chemical group structure in the polymer chain had a marked influence on the
initial physical properties of the unaged elastomers and their resistances
to ageing when exposed to dry air, water and STF. Hydroxyl-terminated poly-
butadienes, for example, produced vrethane elastomers with superior
hydrolytic stability to elastomers prepared with conventional polyether and
polyester backbone polyols.?

The main objective of the present investigation was to make practical use of
the information obtained earlier and to prepare a series of polyurethone
elastomers based on adipate and caprolactone esters, polyethers and hydroxyl=
terminated polybutadiene polyols and assess their ageing characteristics
under a wider range of laboratory simulated environmental conditions than
hitherto examined., The effects of additives, including ultraviclet absorbers
and antioxidants, would also be examined in those elastomers showing any
marked shortcomings when exposed t2 a specific environment.

V4 MATERIALS AWD METHODS OF PREPARATION

Six laboratory prepared elastomers and one elastomer prepared from a
commercially supplied polyether/toluene di-isocyanate prepolymer were
evaluated.

Details of the formulations of elastomers are summarised in Table 1. The
elastomers were prepared in 1000 g batches by the methods previously described
in References 1 = b5,
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3 EXPERIMENTAL

British Standard type ¢ dumb-bell test specimens were cut from the cast
sheets and the width and thickness measured before exposure to the test
conditions. Dumb=bells in sets of five were suspended in loosely stoppered
glass tubes and exposed to some or all of the following environments.

Controls Conditioned in dry air at 20°C,
65 per cent rh for 28 days

Hot/dry Sugpanded in dry air at 80°C for 28 days

Hot/dry Suspenced in dry air at 100°C for 28 days

Hot/wet Suspended over water at 100°C for 14 days

Hot/wet Imsersed in water at 50°C for 28 days

Hot/wet Immersed in vater at 80°C for 14 days

Hot/wet Immersed in vater at 30°C for 28 days
*Standard Teat Fluid (Petrol) Imsersed in STF at 65°C for 28 days
$*ASTH 0il No 1 Ismersed in oil at 1009C for 9 days

The charged tubes were placed ig circulnting air ovens in which the tempera-
ture did not vary by sore than - Q. 5 C from the test temperature. After the
required period of exposure the tubes and contentis were removed from the oven
and conditioned at room temperature for 24 hours before testing. After the
conditioning period, the groups of five apecimens vere removed from the tubes,
dried from any superficial liquid and teatea for hardness, moduli, extension
at break and tensile strength as juickly as peasible. Hardness was meusured
using a nicro-iadentouoter and the tensile properties were measured by Britisgh
Standard Nethods®*’ on a Hounsfield Type E Tensometer at a constant rate of

extension of 500 we/win. Unaged control specimens cut from the elastomers
vwere teated by the same wathods, and the results used as 'unsged' reference
points,.

31 Ultraviolet Radiation

Dumb-bell specimens as described above wers exposed in sets of S for 10 days
to radiation from 2 kW high pressure xenon discharge lssfp previously
described.” The specitens were attached to cardboard frames amoulded to and
attached to the circumference of the inner wall surface of the drum. The
tempersture of the specimens wvas 29 - 31°C and the relative humidity of the
air surrounding the aspecisens 34 - 36 per cent. The apecimens were tested
after exposure as in Sactien 3.

Note: *Standard Test Fluid (STYF) consists of a 70/30 v/v mixture of iso-
octane and toluene, and is intcnded to represent a atandard medium %o
high aromatica content petrol.’

**ASTH (41 No 1 (ex-Esoo Petroleum) is a petroleum based oil to ASTN
Specification DA?V/S7P, 1957.
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3 2 low Temperature Flexibility
¢ The low temperature flexibility of the elastomers was determined by a method

described recently'® in which the torsional modulus of the material is
determined as a function of teusperature.

4 RESULTS AND DISCUSSION

]
e
;
;
,

4 1 Properties of Unmodified Polyurethane Elastomers

The results of mechanical tests and the percentage changes in original
mechanical properties of the unmodified polyurethane elasioweres after ageing
sre sumsarized in Table 2. Streas strain curves of the elastomers are repro-
duced in Figures 1 = 7. A hiatogram showing changes in the tensile stremgth
of elastomers is reproduced in Figure 8.

b 11 S 10 Hydroxyl=Terainated Iolybutadiene Urethane

} This hydroxyl-terminated polybutadiene urethsane elastomer was juitially hard

; " and rather inflexible giving a high 100 per cent modulus of 12.4 MN/@°. The

tensile strength of the elastomer, 16.7 MV/m?, was almoat double that previously

reported' for hydroxyl-terminated polybutadiene/toluene di~-isocyanate pre-

polyzers crosslinked with diols such as 2-ethyl hexane 1,3-dicl and 1,4~butane

diol. This increase in strength is attributed to the iniroduction into the
elastomer atructure of the more bulky aromatic aodi.fi‘}ed &,4'wdiphenyl methane

' di-isocyanste and N,N'-bise[2.hydroxy propyl aniline | crosaiinking agent.

C The streas strain curve for the elastomer (Figure 1) is untypical of unfilled
; rubbery materials and indicates the elastomer to be relatively nonecrystalline
due to the absence of a region of strain hardening.

The elastomer showed outstanding hydrolytic stability being relatively

| unaffected by water at 50 -« 100%C for pericds up to 28 days. The effects of

: exposure to ultraviolet radiation end imseraicn in oil at 100°C were slight.
Daring exposure to dry air at 80 and 1009C however, the elastomer atiffened
as shown by losses of original extenaion at bresk of 55 - 69 per cent, whilst
ite tennile strength was prectically unchanged.

The resistance of the elastomer, to 5TF (petrol) at 659C for 28 daye vas
poor as shown by the loasses of tensile strength, elongation at dreak and
hardness.

4 12 5 W? ¢-Caprola:tose Polyester Urethane {(Eater W 2000)

This elastomer was based on tre higher solecular veight caprolactone polyester.
Thie elastomer wae a toluene di-isocyanate~terwinated prepolyser crosslinked
wvith NOCA/TNP. The elastomer gave satisfactory initial mechbanical properties
with a tensile atrength of 26.1 Wi/a? and an extension at break of 535 per
cent. The otreas strain curve for the elastomer (Figure 1) is typical of
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soft tough rubbery materials shows the elastomer to be relatively highly
crystalline at stress levels above 10.0 MN/m?, The elastomer had fairly
good resistance to dry air at 80 and 100°C, although some stiffening was
apparent, as shown by increases in tensile strength and losses of extension
at break. However, the character of the stress strain curve (Figure 3) for
the elastomer after heat ageing is basically similar to that of the unaged’
control.

Apart from elastomer S 200 based on a commercial polyether prepolymer,
elastomer S 147 showed the greateat losses of original mechanical properties
of all the unmodified elastomers examined after exposure to ultrayiolet
radiation. The elastomer stiffened after immersion in oil at 100°C and
showed considerable losses of extension at break and tensile strength after -
28 days' immersion in STF at 65°C.

The hydrolytic stability of the elastomer S 147 was reasonable after 28 days®
immersion in water at 50°C and after 14 days at 80°C. However, after 28 days
at 80°C and 14 days at 100°C the elastomer was severely degraded by water,
thus confirming our previous observations® of the limited hydrolytic stability
at elevated temperaturea of urethane elastomers prepared from caprolactone
polyesters.

4 13 8 155 e-Caprolactone Polyester Urethane (Ester MW 500)

Elastomer S 155 was prepared from a relatively low mclecular weight
caprolactone polyester/toluene di-isocyanate prepolymer cured with a diol/
triol biend. Nevertheless, the unaged elastomer gave good mechanical proper-
ties with a tensile strength of 40.0 MN/m? and an extension at break of 300
per cent,

The stress strain curve for the elastomer (Figure 1) is typical of hard
atrong crystalline rubbery materials.

After exposures to dry air at 80 = 100°C (Figure &), ultraviolet radiation
and oil at 100°C the elastomer stiffened appreciably as shown by increases
in its 100 per cent modulus, suggesting that further crosslinking occurred

during ageing.

The elastomer gave poor resistance to STF at 65°C and its hydrolytic stability
was inferior to that of elastomer S 160 which was based on the highe. molecu~
lar weight caprolactone ester.

4 14 S 160 Polyether Urathane (Ether MW 2000)

Thie polyurethsne elastomer was based on a polyoxybutylene glycol/toluene

-di~isocyanate prepclymer, cured with a blend of TMP and MOCA. The unaged

elastumer gave moderate mechanical properties although its initial tensile
strength 11.6 Ki/m® was comparatively low. The stress strain curve for the

- material (Figure 1) is almost linear and indicates that the elastomer is less

orystallive than the elastomers basec¢ ~a the polycaprolactone esters.




Ty

ST AT L e g,

After 28 days’ ageing in dry air at §09C the elastomer showed increaged in
both tensile strength and 100 per cent modulus, whilst after the same period
at 100°C losses of tensile strength, extension at bresk and hardness occurred,
which appears to confirm the opinion® that the upper operational temperature
limit for polyether urethanes is in the regicn of 80°C.

Although the tensile strength of the elastomer was relatively unaffected by
expoasure to ultraviolet radiation, an increase in 100 per cent modulue
occurred with considerable lozses of extension at break. The elastomer also
stiffened considerably after iamersion in oil at 100°C. The elastomer showed
fair resistance to STF after 28 days' immersion at 65°C and to water, after
ageing for periods of 14 to 28 days at 50 ~ 100°C.

k15 8§ 173 Polyether Urethane {Ether Mw 1000)

This elastomer was based on the lower molecular weight polyoxybutylene glycol/
modified 4,4'=diphenyl methane di-isocyanate prepolymer crosslinked entirely
with TMP,

‘The stress strain curve for the elastomer (Figure 1) shows the elastomer to be
less flexible, but rather more crystalline, than the higher molecular weight
polyether urethane S 160 described previously in Section 4 1 4.

The resistance of the elastomer to dry air at 80 and 100°C and to STF at 65°C
was infzrior to S 160 based on the higher molecular weight polyether, as shown
by greater losses of original mechanical properties. Elastomer § 173 stiffened
after exposure to ultraviclet radiation and immersion in oil at 100°C as shown
by considerable increases in 100 per cent modulus and also by increases in
tensile strength, especially afier immersion in hot oil.

4 16 S 200 Commercial Polyether Urethane

This elastomer was based on a commercial polyoxybutylene glycol toluene
di-isocyanate prepolymer, cured entirely with MOCA. Although the mechanical
properties of the unaged elastomer were rather better than polyether urethsanes
§ 160 and § 173, the resistance of the elastomer to water and SIF was inferior
to that of the experimental polyether urethane S 160. The elastomer showed
relatively good resistance to dry air at 80°C and also to immersion in oil at

1000C.
4 17 S 176 Polyester Adipate Urethane (Ester Mw 2000)

This elastomer wzs based on an ethylene/propylene 90:10 adipate ester/100 per
cent 2,4 toluene di~-isocyanate isomer prepolymer, cured with a blend of MOCA
and TMP., The unaged elastomer showed good mechanical properties with a
tensile strength of 32 MN/m? and an extension at break of 550 per cent. The
stress strain curve of the elastomer (Figure 1) shuws it to be a typical soft
tough crystalline rubber similar to the other polyester urethanes examined,
ie 8 147 and 8 155. The elastomer, apart from stiffening to some extent
(Figure 7) showed satisfactory resistance to dry air at 80 and 100°C, ultra-
violet radiation, oil at 100°C and STF at 65°C. Although the elastomer showed
reasonably good resistance after 28 days' immersion in water at 509C it was
severely degraded after immersion at 80 and 100°C.
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4 2 Properties of Polyurethane Elastomers Prepared with
Alternative Chain Extenders and Crosslinking Agents
{Methods of Cure)

In an attempt to improve certuin of the properties of the unmodified poly-
urethane elastomers deascribed in Section 4 1, the use of alternative
crosslinking and chain extending agents to those used in these elastomers
wag investigated. Apart from these changes, the formulations of the elas~
tomers and the methods of test were the same as those described in Sections
< and 30

Deteils of the alternative curing systems, the mechanical propsrties of the
unaged elastomers and the percentage changes in original mechanical proper-
ties of the elastomerz after ageing are sumarised in Table 3. The results
are compared with those of Table 2 in the discussion below.

4 2 1 Hydroxyl-Terminated Polybutadiene Urethanes

Elastomer 8 143 was identical to S 140 based on a hydroxyl-terminated poly-
butadiene, except that the N,N'-bis-(2-hydroxy propyl aniline) was replaced
with 2e-ethyl hexane 1,3-diol,

This replacement gave an elastomer with greater extension at break with
little sacrifice in other properties. However the resistance to STF was not
improved and remained unsatisfactory.

b 2 2 ¢-Caprolactone Polyester Urethanes (Ester MW 2000)

The MOCA/TMP cure of elastomer S 147 was replaced with 100 per cent MOCA in
8 148, and with 100 per cent TMP in 8 152.

In elastomer S5 48 the effect of a 100% HOCA cure was to produce further
improvements in the already satisfactory initial mechanical properties.
Although a slight improvement in resistance to dry air at 80°C was achieved
the resistance of the elastomer to STF at 65°C and water at 80°C reamained

poor.

The effect of introducing 100 per cent TMP cure into elaestomer S 151 was to
produce a much softer elastomer than the MOCA/IMP cured material, with
inferior ageing properties compared to elastomer S 147. These results
confirm those already obtained froam TP cured polyesters.'?

b 23 ¢=Caprolactone Polyester Urethanes (Ester KW 500)

S 154 elastomer was prepared using a MOCA/TMP cure. Although this alterna-
tive method of cure produced an elastomer with slightiy improved initial
aechanical properties, the hydrolytic stability of the elastomer after
imsersion in water at 80°C remained poor.




L 2 4 Polyether Urethanes (Ether MW 2000)

In an attempt to improve the initial tensile strength of the elastomer S 160
and to reduce its teniency to stiffen during immersion in oil at 100°C,
elastomers S 161 cured with 100 per cent MOCA and S 165 cured with 100 per
cent N,N!'-bis=(2-hydroxy propyl aniline) were prepared to compare with S 160
cured with a blend of MOCA and TMP. Elastomer S 161 gave improved initial
mechanical properties with enhanced resistance to oil at 100°C; bdut its
resistance to STF at 65°C and water at 80°C was inferior to that of the TMP/
MOCA cured elastomer S 160. Elastomer S 165 cured with N,N'«bise(2-hydroxy
propyl aniline) was very soft and flexible initially and showed very poor
resistance to STF at 65°C.

lt 2 5 Polyether Urethane (Ether MW 1000)

Elastomer S 175 was prepared in which the TMP of S 173 was replaced with BD.
This change should produce an elastomer with a more linear structure than
that from a triol cure. The 1,4-butane diol cured elastomer was both more
flexible and stronger than the triol cured elastomer S 173. In addition, the
diol cured elastomer showed improved resistance to dry air and water at 80°C
together with marginally improved resistance to STF at 65°C.

- 10 -
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4 3 Effect of Additives on the Properties of Polyurethane Elastomers

In an attempt to improve certain of the known shortcomings of some of the
elastomer types described in Sections 4 1 and 4 2, for example resistance to
photo-oxidation, the effects that various additives and/or stabilisers had on
the ageing properties of the elastomers were assessed., The methods of prepae
ration, basic formulations and testing procedures were identical with those
described in Sections 2 and 3.

Details of the additives used, the initial mechanical properties of the
elastomers and percentage changes in their original mechanical properties
after ageing are suamarized in Table 4. The properties of the modified
elastomers and their comparison to the unmodified controls are summarised
below,.

HTPB Elastomer S 141 contained 23 per cent by weight of an oil soluble
nigrosine dyestuff. The initial mechanical properties of the elastomer
containing dyestuff were similar to those of the unmodified elastomer S 140,
The elastomer containing nigrosine showed slightly better resigtance to dry
air at 807C compared with the unmodified elastomer but stiffened rather more
during exposure tc ultraviclet radiation and was inferior to S 10 as regards
resistance to STF at 65°C.

HTBB Elastomer S 142 contained 23 per cent by weight of carbon black. The
initial mecharical properties of the elastotter and its resistance to dry air
at 80°C and ultraviolet radiation were inferior to the unmodified elastomer
s Wo.

HYPB Elastomer S 144 vas a syntactic® foam prepared by introducing 10 per cent
by weight of hollow glams spheres to unmodified elastomer 8 0. The material
wvaa buoyant, showing fair initial sechanical properties with fairly good ageing
characteristicea as shown by changes in original sechanical properties after
ageing in vater and dry air at 80°C, and ultraviolet light. The resistance of
the material %o STF at 65°C howvever was poor.

HTPB Elastomer 5 146 cantained 15% carbon black. However, mo esvidence of any
reinforcing action wae obgerved. The carbon bhlack filled elastomer possessed
reasonable resistance te dry air and water at 30°C like the unfilled elastomer.

¢-Caprolactone polyester urethsne S 149 contained 2§ per cent by veight of an
oi) soludle nigrosine dyastuff. The introduction of the dyestuff gave a
reduction in strength of the unaged elastozer compared to the vomodified
saterial and no mariked isprovement in the resistance of the elastomer to dry
air and water at 80%C wme achieved, although there appeared to be a siight
inpzo:éaent in the resis.ance of the elastomer to ultravioclet light and STIF
at 65%.

*Syntactic foam is a buoyant coaposite consisting of a hollow spherical filler
in a polymer axtrix. These aaterials have generally good compression
behaviour,
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¢=Caprolactone polyester urethane ~ 150 contained both an ultraviolet
absorber and an antioxidant based on a mixture of butylated hydroxy toluene
and dilauryl thiodipropionate, as recommended in Reference 11. The unaged
elastomer showed good initial mechanical properties with rather better
ageing properties of exposure to dry air at 80°C and ultraviolet light than
was obtained with the unmodified elastomer S 147.

¢=-Caprolactone polyester urethane S 156 containing 23% carbon black showed a
reduction in initial mechanicalproperties compared with the unmodified material
§ 155. However 5 156, stiffened rather less in both dry air at 80°C and
ultrsviolet radiation compared with the unmodified elastomer. No improvement
in resistance of the elastomer to water or STF was achieved.

¢=Caprolactone polyester urethane S 158 contained the ultraviolet absorber
and anticxidant pair used ir elastomer § 150 and gave sn elastomer with
improved initial mechanical properties compared with the unmodified elastomer
S 155, The additives sypeared to have little effect on the already
reasonably satisfsctory ageing properties of the elastomer towards dry air
and ultraviolet rad:ation.

Polyether urethune S 163 contained 2.5 per cent by weight carbon black and
0.6 per cent b: weight of the antioxidant mixture described above but gave no
improvement, either in initial mechanical properties or resistance to ageing,
compared to the unmodifiad polyether elastomer S 160.

Polyether urethane S 164 contained 0.6% antioxidant together with 10 per cent
by weight of ziic oxide which was added with the ouvject of improving the
photc-oxidative stability of unmodified polyether elastomer S 160, The
presence of zinc¢ oxide however led to a deterioration in the initial mechanical
properties of the elastomer and to considerable stiffening of the elastomer
during exposuve to dry air at 80°C, The elastomer was relatively unaffected

by exposure to ultraviolet radiation.

Polyeiher urethane S 167 was a chemical modification of S 160 where 50% of
the backbone polyether pelyol was replaced with a hydroxyl-terminated poly=-
siloxane. Thi®\had the effect uf softening tiie elastomer and considerably
increasing its eéwxtension at break. The elastouer gave fair resistance to dry
air at 80°C and STF at 65°C but was affected by contact with water,

Polyester urethane S 177 contained 2.5 per cent by weight of polycarbodiimide
added wi*h the object of improv.iug the hydrolytic stability. The elastomer
showed some deterioration in initial mechanical properties but its resistance
to hydrolysis was improved slightiy.

Polyester urethane S 178 contained 2.5 per cent polycarbodiimide and an
ultraviolet stabilizer and an antioxidant mixture. This elastomer again
rhowed some deterioration in its initial mechanical properties but showed
goud ageing properties in dry air at 80°C and ultraviolet radiation, and gave
alightly better resistance to water at 609C compared with the unmodified
elastomer &5 176.
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I 4 Low Temperature Flexibility

Table 5 compares the low temperature flexibility of five polyurethane
elastomers described in the present work together with those of typical
rubbers and two polyurethane elastomers examined previously.'®

RS RS ey

TABLE S
Elagzomer Type T&O‘,
o¢

8 10 hydroxyleterminated polybutadiene/MDI/EHD =40
S 17 ¢=caprolactone polyester (MW 2000)/TDI/MCCA/TMP 63
S 155 e=caprolactone polyester (MW 500)/TDI/TMP/BD +18
polyether (MW 2000)/TDI/MOCA 59
8 175 polyether (MW 1000)/MDI/BD -85

S 176 ethylene/propylene adipate polyester/TDI/
MOCA/TMP +16
propylene adipate polyester/TDI/hexane triol =25
natural rubber =52
nitrile =25
chloroprene =37
polysulphide <46
epichiorhydrin =20
acrylate «10

*Temperature at which torsional modulus is 70 MN/m®

Apart from polyester urethane elastomer § 176 which is highly crystalline and

the low molecular weight caprolactone ester S 155, it will be seen that

polyurethane elastomers are available possessing low temperature flexibility

properties equal to or better than most conventional synthetic rubber

elastomers.

4 5 Effect of Elastomer Thickness on Hydrolytic Stability

A limited inveastigation was made as to the effects of different film thicke
nesses on the original mechanical properties and hydrolytic stability of a

polyurethane elastomer S 140 based on a hydroxyleterminated polybutadiene
which gave outstanding resistance to water previously.

-15-
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Tsbis £, and Figurss 77 ~ 0 suggest *rat trere is o trend for tenmide strength,
W por cant siodulus and extension at dresk 6 incresss with decressing 1i1s
trhicknass, which is attributable to the fast that the rsmber of Mocroscopio
tisws, occiuded air Dubbles stc prasent in & thin film will be less than
those prasent in & thicksar film,

Atter inmavsion in water for 28 days ab Blf’c. the thinner films appear to
shangs rather mora in strangth than the thicker films, losses of extension
st preak wars similar but the thicker siastomars snowed greater insreases
it 100 per cent modulus., Nevertheisss over the rangs of thicknesses 0.86 ~
LM Lrs fySroxyi-terwinated polytutsdisre polyarathans alastomer showed
vary good rasistar.cs Lo hWysrolysis.

% CMCIISTIONS

A rangs of polyurethara siastonars rave besn preparsd with satisfastory
againg propartisas whan expossd to a wide variety of lavoratory simulated
anvironmarnts. comditions, None of tha elastimers pave satisfactory initiel
mactarcs, ropartiss coupisd with satisfastory resistances to all the
saractad comditions (Tabrse 7) slthough cartain polysther urethens slastowers
srapared from polysxyoutyliene giycois (avsrags moisculsr weight 1000 « 2000)
o7idad & reasomabdly scceptabls comprowiss 51 properties mmdar most condis
ticns, Tasss conditions inclandad periods up to 7% days in dry air at &
and L0C, nitrsviolat radiation, ASTY oii at W00, 30F (petrol) at £5°C,
watar at Sy, 20 snd PG and retarntion of flexibilily al irow temparatures.

Rydroayi-tarmirntad poiytadions/sotifiad ., 4" «4igheny: mathane di-isocyanats
LYITO e rs croseiinked with Zeethy: nexvars 1,7-4io. gave tough flexibis
siastomars wilh cortatarding resistanca (6 water st tampsrsturss vp to 1007C,
e sddition 62 h0Llow #isee spharas to this slastomer produced a usaeful bBuoysnt
syntactic fomm with salisfsctory sachanics: propariias, ¢4risd wilth good
rAamiELlenies Lo eslar,

The rydroiytic s%abiiity of the polysstar ursinenes, bdased sither on capros
8ctona o7 adipate pslyssters, wss maatisfsclory, aspacially at temparatures
2808 SOP5, 2 though the SAPYOLACtona poLYAsters wara rathar battar than tne
sdipats polyssters in Snis respact. The sddition of ) par cant polycsrbodie
iida Lo Cha niysstear adfipats ursthane s.astomar slightly improved its
ramistanca Lo water, Adipate poliyusiear areinarias showad rather betier ragiss
tarice 20 fusis comparad Lo thea cApYS.acione i Tester arsthsnas,

Taa sddition of lirwriolsl sbasrBars sd sn sntisvidsrt pair Besed om a
#LxDyrs 5¢ Butylatsed Aydrsuyl toLuens and di.suryi taiodipropionate (sas
2a0ie 7 wppewres o givs sode improvemant to tha photieoyidativa/
sridatives stavililiss of Ae polyssiar urstirsns alasfowars Wt this is
V22250010 85 snBalantistls By scia.arsiad ageing triala., In this respest,
Woet of s SLA8CAmATS suAMined in the preasent investigalion ara sleo being
supoans Lo AMTOTSL erStASYIAg in lamuarste, Not/wat and hot/dry tropicel
svrirormenteas; Sne rednite o7 thase Lrisle will Ba repsrrtad st & lster dsts,
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The addition of oil soluble nigrosine dyestuff appeared to be of some
advantage in hydroxyl-terminated polybutadiene and caprolactone esters and
was preferred to carbon black, since carbon black tended to reduce the
initial tensile strength and provide less protection on ageing.
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BRD 1,4-butane diol

BHT butylated hydroxy toluene

DLTP dilauryl thiodipropionate

MDI modified 4,4'~-diphenyl gethane di-isocyanate
MOCA methylene bis-(2-chloroaniline)

™I toluene di-isocyanate

™P 1.1 , 4" *=trimethylol propane

e average molecular weight, nominal
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